Reef-building corals are extremely important for maintenance of marine biodiversity and coastal 14 economy and are currently under severe threat from anthropogenic warming. Warming is 15 predicted to drive preferential survival of warm-adapted genotypes that have migrated to cooler 16 locations and result in an overall decline in genetic diversity due to bleaching-related mortality.
3 split some time T in the past, potentially have different sizes N1 and N2, and exchange migrants 84 at different rates (m12 and m21) depending on direction. The no-split model allowed for ancestral 85 population size to change at time T but not for a population split, so the experimental data were 86 modeled as two random samples from the same population of size N. The majority of bootstrap 87 replicates (88-100%) showed AIC advantage of the split-with-migration model for all but one 88 pair of populations (Sudbury-Magnetic, 39% bootstrap support; Fig. S3 ). This indicates that the 89 populations are demographically distinct despite very low F ST . This result highlights the power of 90 coalescent analysis relative to classical approaches (such as F ST ) that assume genetic equilibrium, 91 i.e., that populations have been stable for thousands of generations. 92 93 94 Figure 1 
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We then determined pairwise migration rates from the split-with-migration model and estimated 103 their confidence limits from bootstrap replicates. For all pairwise analyses except Wilkie-Sudbury 104 migration in southward direction exceeded northward migration, and this difference was 105 significant in seven out of nine cases ( Fig. 2 A and Fig. S3A ). Linear mixed model analysis of 106 direction dependent mean migration rates with a random effect of destination (to account for 107 variation in total migration rate) confirmed the overall significance of this southward trend 108 (P MCMC <1e-4).
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It is important to note that our pairwise migration rates captured the cumulative effect of genetic 
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To investigate whether the southward migration bias was due to higher survival of southward 118 migrants relative to northward migrants, as predicted under global warming ( Fig. 1 B) , we 119 developed a biophysical model of coral larval dispersal on the Great Barrier Reef. This model 120 quantified the per-generation migration potential among coral reef habitat patches in the GBR 121 based on ocean currents and parameters of larval biology (12, 13). We found that the genetic and 122 biophysical migration rates were very closely correlated (Mantel test: r = 0.79, P= 0.008, Fig 
Migration
Although the biophysical model explained most of the southward migration bias in the genetic 140 data, the residuals were still in favor of southward migration ( Fig. 2 C, inset; P = 0.058).
141
While this residual excess suggest preferential survival of southward migrants, as predicted by 142 our hypothesis ( Fig. 1 B) . These genetic predictions represent historical averages since the 143 populations split and did not resolve any potential recent migration changes.
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To determine any recent changes in southward migration, we evaluated a similar basic split-with-146 migration model ( Fig. 2A) 
178
To evaluate whether standing genetic variation contributed by local thermal adaptation could 179 sustain evolution of the A. millepora metapopulation in response to warming, we have developed 6 with population sizes and migration rates inferred from the genetic analysis ( Fig. 2 A, D), and 182 with differences in midsummer monthly mean temperature among populations ( Fig. 1 A) . The 
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In conclusion, we found that genetic diversity and migration patterns of our study species were 282 not yet affected by global warming and were well positioned to facilitate persistence of the GBR 283 metapopulation for a century or more. However, despite ongoing adaptation to gradual 284 temperature increase, corals will become increasingly more sensitive to local thermal anomalies, 
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New mutations at QTLs happened at the specified rate when transitioning to the next generation 435 and the effect of a new mutation replaced the previous QTL effect.
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Our code was designed for general modeling of multilocus adaptation in metapopulations and can 438 process matrices of population sizes and migration rates for an arbitrary number of populations.
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We modeled our five populations with effective population sizes and pairwise migration rates 
452
-Heritability (proportion of phenotypic variation explained by genetics). We examined values 453 1, 0.5, 0.25 and 1e-5, the latter to confirm that no adaptation or evolution was observed when 454 the trait was not heritable.
455
-Mutation rate, which was set to zero because we wanted to explore only the role of standing 
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All combinations of parameter settings were run ten times to ensure consistency. We found that 474 with population sizes in thousands, such as in our case, the results were very consistent among 475 independent runs. We therefore did not aggregate results over many replicated runs but show one 476 randomly chosen run for each tested parameter combination. 
